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Ports are gateways for manymarine organisms transported by ships worldwide, especially non-indigenous spe-
cies (NIS). In this study carried out inNorth Iberian ports (Cantabrian Sea, Bay of Biscay)wehave observed 38% of
exotic macroinvertebrates. Four species, namely the barnacle Austrominius modestus, the tubeworm Ficopomatus
enigmaticus, the Paciﬁc oyster Crassostrea gigas and the pygmymussel Xenostrobus securis, exhibited clear signs of
invasiveness. A total of 671 barcode (cytochrome oxidase subunit I or 18S rRNA) genes were obtained and con-
ﬁrmed the species status of some cryptic NIS. Negative and signiﬁcant correlation betweendiversity estimators of
native biota andproportion ofNIS suggests biotic resistance inports. This could be applied tomanagement of port
biota for contributing to prevent the settlement of biopollutants in these areaswhich are very sensitive to biolog-
ical invasions.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
Biological pollution is amain challenge inmarine settings (Molnar et
al., 2008). Inmarine biological invasions, as in other ﬁelds related to en-
vironmental risks and biosecurity, there is a general consensus: preven-
tion is more efﬁcient than treatment. Once established in a new
location, eradicating invasive populations is extremely challenging,
costly and in many cases not feasible (Bax et al., 2003; Thresher and
Kuris, 2004;Williams and Schroeder, 2004). Actions for controlling bio-
logical invasions are the most efﬁcient at the early stage of incursion
(Myers et al., 2000; Hopkins et al., 2011; Miralles et al., 2016). Thus
early detection of invasive species is a crucial step for successful post-in-
troduction management (e.g. Pochon et al., 2015; Devloo-Delva et al.,
2016). For the successful prevention of new invasions it is especially im-
portant to identify themain features of recipient communities that may
make them resistant to invasions. Both habitat conditions and biological
properties of the recipient ecosystem determine the success of aquatic
invasions (e.g. Zaiko et al., 2007, 2011; Valiente et al., 2010a, 2010b),
being generally facilitated in degraded environments (e.g. MacDougall
and Turkington, 2005; Linde et al., 2008).
One of the factors that may confer resistance to invasions is native
biodiversity of the recipient community, a phenomenon called biotic re-
sistance.More diverse communities are expected to bemore resistant to
invasions than empoverished communities (e.g. Stachowicz et al., 1999;
Byers and Noonburg, 2003). This fact has been explained from the pres-
ence of fewer niches available for invaders in rich communities
(Stachowicz et al., 1999), although the effect is not clear and there are
discrepancies between studies (Fridley et al., 2007).
Ports are gates for marine invasions (Molnar et al., 2008; Ardura et
al., 2015; Pejovic et al., 2016). Their generally degraded environment
adds to the constant entrance of biota carried by ships (e.g. Seebens et
al., 2013). If biotic resistance occurs also in degraded ecosystems,
for similar environment and number of ship arrivals, ports with
rich local communities should be less prone to biological invasions
than ports with fewer native species. Here we tested this hypothesis
in the central part of the Iberian Bay of Biscay, coast of Asturias
region in Northern Spain. We have inventoried fouling animal com-
munities from ports of different size, quantiﬁed native biodiversity
and determined its correlation with the abundance of non-native
species. Samples of fouling communities attached to artiﬁcial port
structures were sampled from eight ports. DNA barcoding was
carried out for accurate species identiﬁcation, including cryptic
species, and biodiversity estimated.
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2. Material and methods
2.1. Study region
The considered ports are located in the region of Asturias (43°20′N
6°00′W) in the Cantabrian Sea coast (Bay of Biscay) in the northern Ibe-
rian Peninsula. Eight ports were studied, from West to East: Figueras,
Luarca, Cudillero, Aviles, Gijon, Villaviciosa, Ribadesella and Llanes
(Fig. 1). Aviles and Gijon are commercial ports under national Spanish
authority that receive large international cargo vessels, and also have
adjacent ﬁshing ports and marinas. The other six locations are ﬁshing
ports and associated marinas under Asturias regional authority, serving
for local maritime trafﬁc, arrival of ﬁshing catch (from national and in-
ternational waters) and recreational boating.
In this speciﬁc region introduction of exotics from shellﬁsh aquacul-
ture (Paciﬁc oyster Crassostrea gigas, Japanese carpet shell Ruditapes
philippinarum, hard clam Mercenaria mercenaria) has been reported
previously (e.g. Arias and Anadón, 2012; Habtemariam et al., 2015;
Semeraro et al., 2015). Currently aquaculture production is scarce and
is majorly represented by Paciﬁc oyster farms located exclusively in
the Eo estuary near Figueras port (Semeraro et al., 2015). Paciﬁc oysters
were also grown in Ribadesella in the past and are still present in the
wild (Fabioux et al., 2002). Othermarginal shellﬁsh production is carpet
shell and razor clam that are harvested inVillaviciosa (artisanal harvest-
ing). They are supportedwith stockingpractices. In the rest of the region
there is no marine aquaculture, so it does not contribute much as a po-
tential pathway for NIS introductions.
2.2. Sampling methodology
Sampling protocol followed Pejovic et al. (2016), was inspired by the
Rapid Assessment Survey (RAS) approach (Minchin, 2007) and adapted
for assemblages living on artiﬁcial port structures. For this study, eight
ports were selected across Asturias coastline, in the northern Iberian
Peninsula (Fig. 1). Three sites were sampled inside each port: one near
the port mouth, one in the inner section, one half way between these
two. The sites were similarly uncovered by algae and sheltered (inside
the port) to avoid environmental sampling biases. To standardize the
sampling effort, the surface sampled from each site within each port
was approximately 200m2. Roughly 1% of the animals visually detected
attached on that surface were collected at random. For a representative
sampling, andpreventing biased collection of specieswith patchydistri-
bution, a visual inspection prior to samplingwasmade to determine the
phenotypically different organisms (presumably different species)
present in the sampling site. The number of individuals picked of each
morphotype was approximately proportional to the abundance of
suchmorphotype. All individualswere instantly transported in ambient
water (contained in 10 L buckets) to the Genetic Laboratory of Natural
Resources (University of Oviedo) for visual species identiﬁcation and
follow-up molecular analyses. In the laboratory, individuals were
Fig. 1.Map of the Asturias coast showing the ports considered: from 1 to 8 are Figueras, Luarca, Cudillero, Aviles, Gijon, Villaviciosa, Ribadesella and Luarca.
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identiﬁed, based onmorphology, to the species or to the lowest possible
taxonomic level. Then, a piece of tissue from each individual was pre-
served in absolute ethanol for further genetic analysis. One voucher
specimen of each specieswas stored in ethanol in the Laboratory of Nat-
ural Resources of the University of Oviedo.
The Invasive Species Specialist Group (ISSG) global database (http://
www.issg.org/database/welcome/) of the International Union for Con-
servation of Nature (IUCN) and AquaNIS database (www.corpi.ku.lt/
aquanis) were the references to check the invasiveness status and inva-
sion histories of each identiﬁed non-indigenous species. The taxonomic
nomenclature of all identiﬁed species was veriﬁed against the World
Register of Marine Species (2016).
2.3. Genetic barcoding for species conﬁrmation
DNA was extracted from approximately 10 mg of tissue from the
ethanol-preserved individuals using a Chelex® resin (Bio-Rad Laborato-
ries Inc., USA) protocol (Estoup et al., 1996) or the EZNA Mollusc DNA
Kit (Omega Bio-Tek Inc., USA).
Themitochondrial cytochromecoxidase subunit I (COI) genewas am-
pliﬁed using the universal primers designed by Geller et al. (2013) and
the conditions described therein. Bovine serum albumin (BSA) was in-
cluded in the PCR protocol to avoid interferences of possible inhibitors.
The nuclear subunit 18S rRNA gene was PCR ampliﬁed from species
with scarce COI gene references in publically available databases (Bold
Systems, NCBI), using the primers and protocol described in Distel et al.
(2011). PCR products were examined on 2% agarose gel stained with
SimplySafe™ (EURx, Poland). Positive amplicons (evidenced by clear sin-
gle band of the right size) were sequenced inMacrogen Inc. (The Nether-
lands) with ABI3730xl DNA sequencer (Applied Biosystems).
Obtained DNA sequences were visually inspected and edited with
BioEdit v7.2.5 (Hall, 1999). All sequences were compared with online
public databases using nBLAST in NCBI (www.ncbi.nlm.nih.gov/) and
Bold Systems (www.boldsystems.org/). The sequence giving the maxi-
mum score with at least 97% nucleotide identity and E-value b e-100,
was considered the reference for genetic species identiﬁcation. When
no genetic identiﬁcation was possible with the COI gene due to absence
of references in the databases, the reference for 18S rRNA gene was
considered.
For species with morphological resemblance with other species, or
NIS recently discovered in the region, the species status was validated
from phylogenetic analysis. Sequences were aligned with ClustalW
(Thompson et al., 1994) application on BioEdit and haplotypeswere de-
termined with DnaSP software v5.10 (Librado and Rozas, 2009). A phy-
logenetic tree was constructed with MEGA v6 (Tamura et al., 2013)
using the obtained COI haplotypes and reference sequences from
voucher specimens (of known geographical origin) downloaded from
NCBI. The method of Maximum Likelihood was employed with the fol-
lowing settings: Tamura Nei model (Tamura and Nei, 1993) and 1000
bootstrap replicates.
2.4. Biodiversity estimates and statistical analysis
Diversity of fouling macrofauna assemblages among samples was
compared using non-metric multidimensional scaling (nMDS) based
on Bray-Curtis similarity matrix of species counts standardized by
total percentage abundance of species in a sample. The analysis was un-
dertaken with 100 random restarts and results were visualized in two-
dimensional nMDS plot. The three samples obtained from each port,
each one from 200 m2 surface of artiﬁcial structures, were pooled
when their diversity was not signiﬁcantly different. Similarity per-
centages analysis (SIMPER; Clarke, 1993) was used to identify con-
tribution of individual taxa to differences between macrofauna
assemblages in regional and international ports. A non-parametric
Chi-square test of independence was employed to test if there is an
association between port category (regional or international) and
proportion of encountered NIS in the samples. The analyses and
calculations were performed in PRIMER 7 (PRIMER-E, Ltd, UK) and
R (2014) softwares.
Further analysis was performed excluding NIS and cryptogenic spe-
cies from samples for determining the diversity of the native communi-
ty only (Shannon's and Simpson's indices; number of native taxa).
Correlations between native diversity and proportion of NIS individuals
in a sample weremeasuredwith Pearson r-values and their signiﬁcance
(based on r2 and 6 d.f. for 8 ports) set at P b 0.016 level from Bonferroni
correction for multiple comparisons.
3. Results
3.1. Species detected and barcoded
In total 671 macrofauna specimens sampled from port locations
were identiﬁed de visu and sequenced. Barcodes (COI or 18S rRNA
gene) were obtained from all of them and allowed to unambiguously
identify 78 invertebrate taxa, 70 of them to species level (Supplementa-
ry Table 1). The DNA Barcodes are available in NCBI database with the
accession numbers KU695268-KU695305, KU697654-KU697793,
KU714729-KU714835. The 18S rRNA gene sequences of the species
Amathia imbricata (Ai), Ficopomatus enigmaticus (Fe), Platynereis
dumerilii (Pd), Polydora triglanda (Pt), Spirobranchus triqueter (St),
Terebella lapidaria (Tl) and Vermiliopsis striaticeps (Vs) have the refer-
ences KU559925-KU559931. For these species COI gene references
were not available in public databases in themoment of this study (Feb-
ruary 2016). DNA analysis conﬁrmed the morphological identiﬁcation
provided by taxonomy expert except for the case of some mussels
that were identiﬁed de visu as the native species Mytilus
galloprovincialis but provided sequences identical toMytilus edulis (na-
tive) or M. trossulus (NIS) references (Supplementary Table 1). Few
DNA sequences obtained from individuals morphologically identiﬁed
to species level did not provide N97% identity with any reference spe-
cies, thus genetic determination was at the genus level (Anemonia sp.,
Hymeniacidon sp., Littorina sp.,Mytilus sp., Ophyotris sp., Syllis sp.), and
in one case it was b93% and was assigned to a family level (Hyalidae).
On the other hand, in some cases DNA sequences allowed identifying
phenotypically plastic species (see below).
Overall 20 species were identiﬁed as non-indigenous or cryptogenic
(Table 1) and comprised 38% of the 671 individuals barcoded. Nine of
these NIS were ﬁrstly reported in the Iberian coast in 2014 (this study;
Arias et al., 2012; AquaNIS, 2015, database accessed in August 2016;
Pejovic et al., 2016). Ten widely distributed NIS with previously report-
ed effects on ecosystem values and services were detected: Amathia
verticillata, Austrominius modestus, Bugula neritina, Crassostrea gigas,
Crepidula fornicata, Ficopomatus enigmaticus, Styela clava, Styela plicata,
Watersipora subtorquata and Xenostrobus securis.
The bryozoanWatersipora subtorquata is a cryptic species difﬁcult to
identify de visu (Mackie et al., 2012), and the same happens with other
species with phenotypic plasticity like some Bivalvia (Pejovic et al.,
2016). In our results six species revealed phenotypic plasticity: Amathia
verticillata, Austrominius modestus,Mytilaster minimus,Mytilus trossulus,
Watersipora subtorquata and Xenostrobus securis. A Maximum Likeli-
hood tree was constructed to conﬁrm genetic identiﬁcation of these
speciﬁc species. The genetic identiﬁcation obtained from BLAST was
conﬁrmed from phylogenetic analysis (Fig. 2), since the sequences ob-
tained in this study clustered – without exceptions – together with ref-
erence sequences of the putative species, exhibiting a high
bootstrapping support in all the cases. In Fig. 2 it can be seen that the ref-
erence sequences from different locations are interspersed in the clus-
ters with the sequences obtained in this study, especially for
Xenostrobus securis (with references from the neighbouring Galician
waters and from Australia) and Watersipora subtorquata (references
from Europe, America and Australia).
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3.2. Diversity of native and non-indigenous species in the sampled
assemblages
More abundant NIS in the region (Table 1) were F. enigmaticus (a
tubeworm native to Oceania, 8.04%), X. securis (black pygmy mussel,
7.9%), C. gigas (Paciﬁc oyster, 6.7%) and Austrominius modestus (barna-
cle, 2.23%). Overall, the proportion of detected NIS and cryptogenic
species in the two national ports was signiﬁcantly higher than in the
six regional ones (Chi-square= 8.79, P b 0.01). The structural composi-
tion of the sampled assemblages varied from port to port (Fig. 3A). As
evidenced from the nMDS plot and conﬁrmed by SIMPER analysis, the
samples from the two national ports were more similar to each other
(average similarity 32.11 versus 22.45 for the regional ports). Largely,
Table 1
Non-Indigenous (NIS) and cryptogenic species found in the ports studied and in thewhole region, in percentage over the total number of individuals sampled. The year ofﬁrst report from
Asturias and nearby regions in south Bay of Biscay (First Report) is presented. Global invaders recognized by the Invasive Species Specialist Group of the International Union of Conser-
vation of Nature are marked in bold. N= number of individuals sampled and genetically identiﬁed by DNA barcoding. The number of shellﬁsh species farmed in nearby 5 km (“Aquacul-
ture”) and the total percent of NIS (%NIS) are presented. Species names currently recognized by WoRMS.
First Report Figueras Luarca Cudillero Avilés Gijón Villaviciosa Ribadesella Llanes Region
Amathia verticillata This study 0.0 0.0 0.0 0.0 7.1 0.0 0.0 0.0 1.04
Amphibalanus amphitrite This study 0.0 0.0 0.0 4.1 0.0 1.0 0.0 0.0 0.74
Amphibalanus eburneus This study 0.0 0.0 0.0 4.1 0.0 0.0 0.0 0.0 0.56
Austrominius modestus This study 0.0 5.1 0.0 1.0 0.0 2.0 10.7 0.0 2.23
Botrylloides violaceus 2009 (AquaNIS) 5.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Bugula neritina 2003 (AquaNIS) 1.4 0.0 0.0 0.0 0.0 4.0 0.0 1.0 0.89
Callyspongia siphonella This study 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.15
Crassostrea gigas 1976 (Arias et al., 2012) 1.4 0.0 0.0 0.0 0.0 6.0 40.5 4.0 6.7
Crepidula fornicata 1978 (Arias et al., 2012) 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.15
Ficopomatus enigmaticus 2000 (AquaNIS, 2015) 0.0 0.0 0.0 0.0 0.0 0.0 21.4 36.4 8.04
Livoneca redmanii This study 0.0 0.0 0.0 0.0 5.1 0.0 0.0 0.0 0.74
Microcosmus squamiger 2007 (AquaNIS, 2015) 0.0 0.0 0.0 0.0 1.0 2.0 0.0 1.0 0.6
Mytilaster minimus 2014 (Pejovic et al., 2016)
Mytilus trossulus This study 2.8 3.4 1.6 0.0 4.0 2.0 0.0 2.0 1.93
Ostrea stentina 2014 (Pejovic et al., 2016) 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.15
Polydora triglanda This study 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.15
Styela clava 2005 (AquaNIS, 2015) 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.15
Styela plicata 2009 (AquaNIS, 2015) 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.45
Watersipora subtorquata 2010 (AquaNIS, 2015) 9.86 0 1.61 0 3.03 0 0 0 1.64
Xenostrobus securis 2014 (Pejovic et al., 2016) 0 0 0 54.64 0 0 0 0 7.89
N 71 59 62 97 99 100 84 99 671
Aquaculture C. gigas 0 0 0 0 Clams C. gigas 0
% NIS 22.5 10.1 3.3 63.9 34.3 8.9 72.6 45.5
Fig. 2. Maximum-likelihood tree constructed from COI haplotypes of this study and
GenBank references with voucher specimen. The geographical origin of the references is
given. Av, Em, Mm, Mt., Ws and Xs are Amathia verticillata, Elminius modestus (former
name of currently accepted Austrominius modestus; GenBank references have that
name), Mytilaster minimus, Mytilus trossulus, Watersipora subtorquata and Xenostrobus
securis, respectively.
B)
A)
Fig. 3. Two-dimension plot created from non-metric multidimensional scaling based on
Bray-Curtis similarity matrix of species counts, representing the eight ports analyzed. A:
all species; B: only native species.
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such grouping was caused by the prevalence of X. securis in all samples
from Aviles (69.85% contribution to the within-port similarity).
Dominant natives (Supplementary Table 1)weremolluscs, with 308
counts (74% of native individuals). The composition of native assem-
blages also varied among ports (Fig. 3B) that were arranged in a very
different way in the nMDS compared with total biota (Fig. 3A). Native
biodiversity measured from either Shannon or Simpson indices, signiﬁ-
cantly and negatively correlated with NIS proportion in the eight ports
studied (Fig. 4). Tests gave r = −0.851, P = 0.007 and r = 0.849,
P = 0.008 for correlations between the proportion of NIS individuals
and Simpson's and Shannon's indices respectively. The total
number of native species per se, however, was not signiﬁcantly
correlated with %NIS at the signiﬁcance level employed here
(r=−0.793, P= 0.019 N 0.016).
4. Discussion
In this study we reported high proportion of NIS and cryptogenic
species, as much as 38%, from North Iberian ports. The presence of A.
modestus in the Bay of Biscay was detected for the ﬁrst time and we
have provided 671 new barcodes for marine macrofauna. For the spe-
cies with phenotypic plasticity, high bootstrapping support of barcode
clustering with references from different locations suggests that multi-
ple introductions have occurred in the region. Some of them were
from very distant regions such as Australia, New Zealand, California,
Vancouver. However this should be taken with caution because the
phylogeographic signal is generally weak in widespread marine in-
vaders. Organisms attached to hulls or transported in ballast water
may go back and forth following the complex itineraries of the carrier
ships. In a very short time their propagules may be released in interme-
diate locations. Eventually they can get transported further either via
the same shipping vectors or other means (including natural spread),
adopting the ‘stepping-stones’ model of range expansion (e.g. Apte et
al., 2000; Floerl et al., 2009). On the other hand, for some species mor-
phologically identiﬁedwehave found b97%nucleotide identitywith da-
tabases references of that species. This could be due to intra-speciﬁc
variation, and the lack of a good geographical coverage of reference
barcodes in databases.
The detected NIS were not homogeneously distributed in the eight
ports studied; instead, they negatively correlated with native biodiver-
sity present in the same locations. Biotic communities attached to artiﬁ-
cial structures in ports are different from surrounding areas (e.g. Glasby,
1999; Bax et al., 2003), thus it is a novelty– and probably good news – to
ﬁnd the same type of biotic resistance that happens inmore naturalma-
rine settings. At a smaller spatial scale (100 cm2), survival of exotic
species was inversely correlated with native species richness in experi-
mental communities ofmarine sessile invertebrates, probably due to re-
duced available space that was the limiting resource there (Stachowicz
et al., 1999). Space was probably not limiting in our study since the ar-
tiﬁcial structures examinedwere not completely covered bybiota in any
case. Byers andNoonburg (2003) suggested that the invasibility of com-
munities decreases with increasing native diversity because the sum of
interactions between native and exotic species increases in turn, not
only due to scarcer available resources. This could be a plausible expla-
nation in the ports studied here, where many native species were pres-
ent: between 6 and 19 (Supplementary Table 1), compared with 1 to 4
native species in Stachowicz et al.' (1999) experiments. In an extensive
review, Fridley et al. (2007) concluded that reduction of local species
richness accelerates the invasion in natively rich ecosystems. Periodic
cleaning of artiﬁcial structures could have an effect in ports' invasion
patterns, but in absence of previous biodiversity inventories we cannot
know if this explanation can be applied in our speciﬁc case study.
Human economic and demographic factors are major predictors of
biological invasions (Pysec et al., 2010), and accordingly in this study
we found signiﬁcant differences between the two ports located in big-
ger urban locations (Aviles and Gijon) versus regional ports located in
villages. To exclude a bias due to mixing ports of different size and sur-
rounding human inﬂuence in the same analysis, we did again the corre-
lation only for the six regional ports and Simpson diversity (the best
indicator for our dataset). In this partial dataset it was also negatively
and signiﬁcantly correlated with the proportion of NIS (r = −0.832,
P= 0.039), suggesting that the biotic resistance in ports is a phenome-
non that occurs at different scales. In the same direction, spread of NIS
from international ports in a region by localmaritime trafﬁcwas expect-
ed (e.g.Wasson et al., 2001). In the present study, however, the regional
ports located in the vicinity of the two international ports did not con-
tain a higher proportion of NIS than other regional ports (Table 1).
ThusNIS proportionwasnot associatedwith the distance to the interna-
tional ports. It is possible that the biotic resistancemay compensate the
expected higher NIS ﬂow near international ports.
Although our sampling was restricted to fouling communities from
ports, the level of taxonomic diversity found did not differ much from
previous biota inventories carried out in this coast (e.g. Louzao et al.,
2010). In benthos they found approximately 75 species in average
from two coastal locations, which is roughly comparable to our N70 spe-
cies found with a much lower sampling effort (exhaustive sampling in
Louza et al., 2010 versus approximately 1/100 individuals sampled in
our study). This is also an indirect indication of the high species richness,
and not only NIS, that can be supported inside the ports.
As a ﬁnal remark, the results of this study suggest native biota con-
fers some protection against biological invasions in maritime ports.
Since these are hubs for invaders (Floerl et al., 2009), they should be pri-
ority targets for control actions. Perhaps enhancing native biota inside
the ports – or simply not removing it completely, as it is commonly
done today – would help biotic resistance to prevent NIS from settling.
Exploring this possibility may be encouraged, at least at experimental
level in small ports. If successful it might be considered as one more
strategy for controlling aquatic invasions.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.marpolbul.2016.08.022.
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